Phylogenetic diversity of culturable actinobacteria isolated from the intertidal regions of west 22 coast of Maharashtra, India was studied using 16S rRNA gene sequencing. Total of 140 23 actinobacterial isolates were obtained, which belonged to 14 genera, 10 families and 65 putative 24 species with Streptomyces being the most dominant (63%) genus followed by Nocardiopsis 25 and Micromonospora. They were screened for production of extracellular protease inhibitors 26 (PI) against three pure proteases viz. chymotrypsin, trypsin, subtilisin and one crude 27 extracellular protease from Pseudomonas aeruginosa. Eighty percent of the isolates showed PI 28 activity against at least one of the four proteases, majority of them belonged to genus 29 Streptomyes. Actinobacterial diversity from two sites Ade (17°52' N, 73°04' E) and Harnai 30 (17°48' N, 73°05' E) with varying degree of anthropological pressure showed that more putative 31 species diversity was obtained from site with lower human intervention i.e Ade (Shannon's H 32 3.45) than from Harnai (Shannon's H 2.83), a site with more human intervention. Further, in 33
INTRODUCTION
Proteases are enzymes that catalyse proteolytic reactions and are involved in variety of 41 biological processes like digestion, cell signalling or tumour formation (Groll et al., 2002;  and isolates were screened for presence of protease inhibitors. Data was analysed to check 88 correlations between inhibitor molecules and environmental parameters and their probable role 89 as defence molecules. 90 winter season (Dec, Jan, Feb). Whereas, a single sampling was done from rest of the sites. Sub-99 tidal sampling of sediment was also done in a single event at a place off shore to Goa 100 (15°21'08.4"N 73°46'41.8"E). The depths of collection for this sampling were 9m, 11m, 12m 101 and 16m. (Figure 1 ).
MATERIALS AND METHODS

102
Small tissue samples of sponge were collected without damaging the sponge colonies or their 103 habitat. Samples were rinsed in sterile Poor Ravan Saline (PRS) broth to remove loosely bound 104 particles and debris and were stored in sterile collection tubes containing the same medium. 105 Sediment and water samples in the vicinity of sponge were collected in sterile collection tubes. 106 All the samples were transported to the laboratories in ice box and were processed fresh for 107 microbial isolations. presence of protease inhibitors is marked by no clearance on the x-ray films as shown in Figure   147 3). Spot assay as described by (Cheung et al., 1991) for detection of PIs was carried out as follows. 162 10 µl of pure enzyme (100 µg ml -1 ) was incubated with 10 µl of heat treated CFS for 10 mins 163 and then transferred to untreated X-ray-Fuji Medical X-ray, HRU grade-films. The assembly 164 was kept undisturbed for 15 mins at room temperature to allow the enzyme substrate reaction 165 to take place. Films were washed with running tap water and allowed to dry before recording 166 the results. 
191
Approximately 11% isolates belonged to other genera (Table 1) . More number of isolates (67) and more species diversity (10 genera with 43 putative species) 205 were obtained from anthropologically less disturbed site Ade. Whereas, from Harnai which is 206 a site with higher disturbance 47 isolates belonging to 25 putative species of 9 genera could be 207 isolated. (Figure 2 ). Shannon's diversity index (H) value for Ade was 3.45 and that for Harnai 208 was 2.83. This indicates that the putative species diversity at Ade is more than diversity at 209
Harnai. Results of PI production were recorded using spot assay as shown in Figure 3 . It was observed 213 that, PIs retained their activity even after heat treatment at 70°C for 15 mins. Out of 140 isolates 214 used for screening of PIs, 113 isolates showed activity against at least one of the three pure 215 proteases used for the study (viz. chymotrypsin, trypsin and subtilisin), whereas 27 isolates 216 showed no PI production at all against any of these enzymes. Out of 113 isolates, 37 showed 217 some degree of activity against all pure enzymes, of which 8 showed strong positive activity.
218
Total of 17, 7 and 9 isolates showed PI activity exclusively against chymotrypsin, trypsin and 219 subtilisin respectively (Figure 3 ). Majority of isolates which showed strong positive activity 220 against enzyme chymotrypsin, also showed strong positive activity against subtilisin and were obtained from the sediments and only 1 was obtained from the sponge. (Figure 2 ).
226
Out of 113 PI producers, strong positive (++) activity was shown by 10, 54, and 27 isolates 227 against chymotrypsin, trypsin and subtilisin respectively ( Least number of actinobacterial isolates were obtained from monsoon and post-monsoon 240 seasons and the number of isolates obtained from each sampling increased towards the month 241 of May i.e. the pre-monsoon season. Majority of actinobacterial isolates were obtained from 242 pre-monsoon season ( Figure 4A ). From Ade and Harnai, over all, occurrence of inhibitors 243 against chymotrypsin and trypsin was more as compared to that against subtilisin ( Figure 4B ).
244
Proportion of isolates not giving PI activity against any of the enzymes was higher in Ade (14 245 out of 67 isolates i.e. approximately 21%) compared to that in Harnai (4 isolates out of 47 i.e. 246 approximately 19%) ( Figure 4C ). Thus to summarize, more number of putative species were 247 obtained from Ade however, proportion of PI producers from that site was less compared to 248 Harnai. (Dharmaraj, 2010; Jensen et al., 2005; Lam, 2006; Subramani and Aalbersberg, 2012) . which is situated north of Maharashtra. These findings might suggest that members of above 273 three genera have adapted well to live in marine environments and show a widespread distribution along the western coast of India. Few earlier reports strongly support the existence 275 of sponge-specific microbes (Simister et al., 2012; Taylor et al., 2007) . In the current study, enzymes and almost 20% isolates showed inhibition against all the enzymes used in the study.
291
The presence of PIs suggests that they are needed for the defence of organisms against exo-292 and endoproteases present in the surrounding environment. Moreover, they might be used as 293 defence molecules against proteases secreted by protists and bacteria. proteases in the surroundings might be a driving force for production of extracellular PIs.
303
Therefore, these results can be used as a lead for carrying out studies on a larger expanse to 304 check correlation of organic load and production of PIs by the marine actinobacteria.
305
Actinobacteria are involved in bacterial predation at oligophilic conditions (Kumbhar et al., 306 2014), they might need to produce proteases for killing prey species. Hence, one of the 307 possibilities of finding high number of PI producers amongst actinobacterial isolates might be 308 to achieve self-protection so that their own proteases are rendered ineffective against their own 309 selves. Hence, it would be interesting to check if there is any significant correlation between 310 production of PI and bacterial predation, (Baig et al., 2020) .
311
Through this study we show that extracellular protease inhibitor producing actinobacteria are 312 abundant in the intertidal zones of west coast of Maharashtra. We hypothesize that this might 313 have a correlation with extracellular proteases and bacterial load in marine environment.
314
Understanding the need for production of protease inhibitors by actinomycetes can give 315 interesting insights into marine microbial ecology and clues for production of novel protease 316 inhibitors.
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